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DEAR TELEVISION RETAILER/SERVICE PERSONNEL: 


This issue of TECH BULLETIN comes your way through the courtesy of SIGNAL 
MASTER LIMITED (Auckland) and your local Signal Master Distributor as a gift and it is 
their way of introducing you to a set of practical, television 'application notes' which we all 
hope you will find valuable. 


Valuable enough that you will, on your own, enter your own subscription for TECH 
BULLETIN for a year's period. A form to do this is found on page 38 at the back of this 
issue. 


The purpose of TECH BULLETIN is to share information; practical information created 
to assist you in making better TV installations when faced with a myriad of often new and 
frequently complex problems. Each issue of TECH BULLETIN focuses on a single topic 
and we use as much ‘space’ as is required to treat the topic thoroughly and completely. 
TECH BULLETIN is not an advertising medium; it offers nothing for sale, accepts no 
commercial sponsorship. It is available purely for its informational value. 


Finding answers, correct answers, to complex installation problems is a difficult task. Our 
industry has no central data clearing house, maintains no reference library, and the good 
efforts of ETSA not unnoticed, often seems more concerned with what a competitor is doing 
than with what changes in technology may do to us. 


Many of the problems we face in New Zealand have previously been faced, and 
conquered, elsewhere. My own data sources are world-wide and through TECH 
BULLETIN I do not hesitate to 'tap' these sources when New Zealand might benefit. 


I hope you will become a part of the regular TECH BULLETIN ‘family’. 


A 


TECH BULLETIN 9302- 
Weak Signal Reception Techniques 

According to a study conducted by 
TVNZ and BCL, approximately 6% of all New 
Zealand households remain beyond fringe for 
television reception; ie., they are unserved by 
TVNZ services. According to New Zealand On 
Air (NZOA) more than 20% of all New 
Zealand households live in areas where TV3 
service is not available. ‘ 

Yet New Zealand has nearly 500 TV 
transmitter sites and more than 1,050 separate 
TV transmitters to serve approximately 1.1 
million households. 

The model for New Zealand TV 
transmission service originated in the UK where 
the country was divided into service zones and 
each zone was systematically filled in with main 
and repeater transmitters situated to take 
advantage of natural terrain elevations 
overlooking concentrations of population. The 
UK Plan began immediately after the cessation 
of World War Two and initially relied upon five 
band 1 VHF channels allocated for television. 
As long as the only programming was from the 
BBC, and, the BBC itself was limited to a pair 
(2) of programming channels, the capacity of 
the five television channels was (almost) 
adequate provided each transmission and relay 
site was carefully orchestrated with directional 
transmit antennas and alternate site use of 
vertical and horizontal polarization. But as the 
public's demand for alternate television services 
grew, and the BBC was joined first by ITV and 
then by a fourth service (channel 4), it was soon 
apparent the VHF allocations could not provide 
the channel capacity to offer even four channels 
to each household in the UK. Subsequently all 
television was reallocated to UHF (bands IV 
and V) and in the process the original 1936ish 
405 line standard television service was 
modernized to the quasi-European 625 line 
standard. 

Why might this be of interest to New 
Zealand TY stockists/aerialists? 
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There is every indication virtually no 
new transmitting sites will be developed in 
the future, and almost as much certainty TV3 
present transmitter siting will grow only 
marginally (if at all) beyond those now on the 
air or long planned. In addition to these trends, 
we now have the introduction of additional new 
(UHF/bands IV and V) independent channels 
of service which by their nature are likely to 
limit their service to the primary population 
centres. Unlike the past where, when new 
services were introduced, (TV2 followed by 
TV3) viewers in more rural regions could 
patiently await the extension of these services 
into their areas, the wait for additional 
services in the future could be forever. 


THE FUTURE IS UHF 

In the process of creating national 
networks for TVs 1 and 2, and leaving channels 
in-waiting for the promise of TV3, virtually all 
VHF (bands I and III) channels have been 
taken. This will require new services such as 
TAB to operate in the band IV and V 
frequencies. UHF, as an allocation for television 
broadcast, is neither new nor undesireable; the 
first UHF television broadcasts were in North 
America (1949) and shortly thereafter in the 
UK. UHF is in fact a superior frequency region 
for television for a number of reasons, 
including: 

1) Smaller, more compact aerials for a 
given amount of gain; 

2) The opportunity to create sizeable 
receiving antenna array gain with still 
manageable physical size installations. 

3) A ‘quieter’ noise environment than 
either bands III or I resulting in cleaner video 
less affected by man-made interference. 

4) Better transmitter linearity which 
produces subjectively improved picture 
definition. 

5) The opportunity to create more 
controlled transmit antenna coverage patterns 
with higher ERPs (effective radiated powers) 
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for a given amount of transmitting power. In the 
case of New Zealand, with far fewer 
transmitters sharing any given channel 
nationwide, there will also be far less 
co-channel interference at UHF than at VHF 
although this situation could change in time as 
the number of operating UHF transmitters 
grows. As a practical matter, lacking co-channel 
interference it will be possible for 
stockist-installers to create sensitive, high gain, 
long range reception antenna systems without 
fear of picking up two or more stations on the 
desired channel (see Tech Bulletin 9301 for a 
discussion of co-channel interference phasing 
techniques). 

For the pluses of UHF, there are also 
negatives when comparing UHF to the 
established VHF coverage. 

1) The typical (read average) television 
tuner has a noise figure (level of sensitivitv) at 
UHF which is rarely better than 1/4th the 
comparable sensitivity of the same receiver at 
VHF. This means it may take 6 dB more signal 
at UHF to produce a given video signal to 
noise ratio as it does at VHF. Another way to 
look at this as an installer is to assume you may 
require 6 dB more receive antenna gain for a 
UHF channel as a VHF channel arriving from 
the same transmitting site if both VHF and 
UHF transmitters operate with the same ERP 
(transmitter radiated power). 

2) Transmission line losses at UHF are 
proportionately higher at UHF than VHF; 
typically 3 times as great at channel 40 as at 
channel 2. Since transmission line 
attenuation (signal losses) can be irreplaceable, 
UHF may cause installers to place (signal) 
amplifiers where similar VHF installations 
required no signal amplification. 

3) Signal propagation at UHF is less 
predictable than at VHF; beyond line of sight 
the signal tends to layer (horizontal 
polarization) and pocket (vertical polarization). 
This means the installer may find a seriously 
degraded signal at roofline as he positions the 


mast and antenna in a bracket; ultimately 
locating the missing but anticipated signal only 
a metre higher (or lower, or, to the left or 
right!). The installer may spend several extra 
hours completing a UHF installation. 

4) Connectors at UHF are dangerous; 
hard splices roulette. And moisture in a fitting, 
connection or downline a sure ticket for a 
service call. Corrosion from air contaminants 
and/or moisture are problems at VHF; at UHF 
the customer will lose service sooner (ie., "The 
connector didn't LOOK that_bad!"). 

5) In the primary service region where 
signal levels tend to be high, multi-path 
(ghosting) can be significant at UHF. Finding a 
‘clean’ picture, especially when the 
transmissions contain much text (such as TAB), 
can be a challenge. This Tech Bulletin will deal 
with these issues, and more. 


SO MUCH BANDWIDTH / So Little 
Signal 

If television were to launch today from 
the present plateau of technology, it would little 
resemble our present 7(8) megahertz wide 
spectrum-hungry analog transmission scheme. 
Arguably, it would utilize FM rather than AM 
for video modulation, place audio on FM 
sub-carriers, and feature digital compression of 
video information squeezing as many as ten 
separate video (+ audio) programmes into a 
7(8) megahertz bandwidth. Alas, while the next 
generation of satellite transmissions could 
reflect these advances (and others not yet 
announced), here on terra-firma we are forced 
to make-do with a system designed for us in the 
1950s. This is not to say we are stuck with 
1950s reception techniques. Worldwide many 
creative engineers have developed ways of fine 
tuning our present terrestrial broadcasting 
system to produce results inconceiveable 40 or 
even ten years ago. 

a) Bandwidth. Indirectly, the least 
flexible aspect of our present telecasting system 
is the bandwidth. By spreading the modulation 


information across a space of 6.105 megahertz 
(including NICAM stereo), we are asking the 
demodulator in the receiver to react to 
information simulatenously spread over a 
bandwidth as great as 6 AM broadcast bands 
or more than half as wide as our FM broadcast 
band. Inside this bandwidth we place four 
totally independent modulation schemes; one 
for the video definition, one for colour, one for 
monoaural audio and finally one for stereo 
audio. It is some wonder so many homes 
receive as good pictures as they do given 

the haphazard manner in which this has 
developed! 

Anything we do in the attempt to take 
such a signal off-air and deliver it in home 
must not lose sight of the complexity of the 
modulation schemes and extraordinary 
bandwidth involved. 

b) Signal plus noise to noise. Inside of 
this 6.105 megahertz channel-width there is 
noise. Turn off the transmitter, leaving the 
channel ‘blank’ and there is noise. You 
can hear the ‘hiss' in the speaker; you can see 
the 'snow' on the screen. Disconnect 
the antenna transmission line; there is still ‘hiss’ 
and 'snow’. This tells us that while 
the amount of hiss and snow may have 
diminished when the aerial was disconnected, 
not all of this noise is coming from outside the 
receiver. Can the receiver be creating 
noise??? 

Sadly, yes. Think about this. If a TV 
signal is rated as good or excellent because of 
the (complete) lack of noise, and the receiver 
itself creates noise, how much less signal 
would be required for a good or excellent 
picture if the TV set created no noise? 

Yes, noise (some noise) is endemic to 
analog TV transmission. But the amount of 
noise? Well, it can be reduced as we shall see. 


NEXT TO NO NOISE 
The answer to the question "How 
much less signal... " if there were no noise? In 
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practical terms, most coverage areas would 
double, reducing the number of transmitter sites 
by 50% or more. This assumes coverage areas 
would also not be co-channel interference 
limited(sce Tech Bulletin 9301 in this series). 


TV coverage schemes were cast in 
1950s and 60s planning that led the way for 
TVNZ to create the first (national) network. 


Planners reacted to the technology as it then 
existed; state-of-the-art more than three 
decades ago. What was that state-of-the-art? 

1) Black and white transmissions 
[colour was functional but not refined; PAL 
was on paper, not in the air]; 

2) Monoaural sound [NICAM was not 
even on paper]; 

3) Moderate transmitter powers [this 
was key; even in North America transmitter 
outputs greater than 10 kilowatts visual were 
unusual]; 

4) High transmitter maintenance [also 
key since many New Zealand transmitter sites 
would be in locations where frequent visits 
would be difficult}; 

5) UHF was experimental [also key as 
serious planning for UHF use in New Zealand 
was derailed by the early UHF myths; ie., it 
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was very short range, transmitter tubes 
lasted weeks rather than years, receivers were 
unstable and consumer-troublesome]. 

And the most critical technical restrictions 
of the era: 

6) VHF receivers had front-end noise 
figures in excess of 10 dB best case or 15 dB 
worst case while typical receiving antennas 
were 3-5 dB of gain capable. Couple this to 
high-loss transmission lines and the total lack of 
masthead amplifiers ... 

...and you have the basis for the New 
Zealand television allocations scheme we now 
inherit. Ie: "a transmitter on every mountain 
top ... a chicken in every pot”. 

Early receiver manufacturers found they 
could improve fringe reception by narrowing 
the TV receiver's IF bandwidth. Special fringe 
models world wide reduced the IF to 60 or 
70% of the total bandwidth because when the 
bandwidth is narrowed the total amount of 
noise from outside the receiver, or that 
generated inside the receiver, is reduced. Less 
noise, better signal plus noise to noise ratios 
(S+N/NR or SNR). They got away with this 
‘tweek' because transmissions were in black and 
white and a reduction in definition (ie., 
bandwidth) was an appropriate trade-off for a 
reduction in noise. And as a practical matter, 
TV transmitters were not very linear resulting in 
as much as 40% of their assigned bandwidth 
going unused anyhow. If no important 
modulation information was there, why process 
that part of the channel at the receiver? All of 
this would end with the introduction of colour. 

The system we have inherited is the 
natural progression from this foundation. Full 
bandwidth came with better transmission 
linearity; colour demanded full bandwidth 
capacity and greatly improved phase 
relationships within the receiver. NICAM 
pushed the bandwidth once again, with band I 
and IN NICAM actually centred inside the 
lower sideband of the next upper channel. Our 
cup overflowed. 


Simultaneously the demands on the 
spectrum have multiplied; in Wellington, for 
one example, the Kaukau transmitter site 
(channels 1, 5 and 11 horizontal) reaches 
approximately 75% of area homes. 32 
additional transmitter sites with 95 
transmitters are required to bring three-channel 
service to the remaining 25% of the homes. 
Nationwide, 495 transmitter sites populated 
with nearly 1,100 transmitters reach (according 
to TVNZ/BCL) 94% of New Zealand homes; 
TV3, not more than 80% of homes. 


So while TV reception equipment 
(antennas, downlines, masthead amplifiers and 
the TV receivers themselves) are 
three-decades-improved from the original 
assumed engineering standards, the filling of the 
spectrum with hundreds of low power (VHF) 
relay (translator) transmitters has greatly 
diminished the opportunity for installers to 
extend reception into the new fringe areas now 
possible with improved receiving equipment. 


In a single sentence: 


The improvements in reception 
technology offers the opportunity for quality 
reception at 50% greater distances than 
thirty years ago; but, the proliferation of 
transmitters has so cluttered the airwaves 
with co-channel interference that the limiting 
factor now is often not receive system 
sensitivity but on channel interference (see 
Tech Bulletin 9301 dealing with co-channel 
interference phasing). 


The technology to reach many of those 
homes unserved by TYs 1, 2 and 3 exists but 
the application of this modern technology is 
seldom practiced. This is the thrust of this 
Tech Bulletin (9302). 


HOW LOW CAN YOU GO? 

Earlier was mentioned the theoretical 
question of "how far could transmission ranges 
extend if there were no receive system noise?”. 
The answer to be completely accurate 
approaches infinity; and is of little importance 
since in practical terms it is not attainable. But — 
as an illustration of what can be done with 
proper receive system engineering approaching 
theoretical limits, it is a valid thought exercise. 
It is important that installers not dismiss 
distances of 150, 200 or even 300 kilometres as 
nonsense until state-of-today's-art reception 
techniques have been examined. 

FIRST let's establish what today's 
theoretical limits might be. Our only 
assumption is the lack of CCI or co-channel 
interference as a limiting factor; you, the 
installer, are bound only to respect the more or 
less 6.105 MHz bandwidth of the transmitted 
signal. If CCI is a consideration, you should 
read this in conjunction with Tech Bulletin 
9301 (dealing with co-channel elimination). 

a) NOISE FLOOR. In the absence of 
co-channel, the limiting factor is noise; the 
noise found inside of our to-be-received 
bandwidth. That noise comes from two primary 
sources. 

1) Noise intercepted by the 
receive antenna array and carried to the 
receiver input terminals by the transmission line; 
and, 

2) Noise generated (and 
amplified) inside of the receiver electronics; 
which you should know is controllable, but not 
totally unavoidable. 

If you select a modern, stock TV 
receiver fresh from carton, it will have a noise 
figure (ie., a real number measuring its own 
internal noise threshold). It may be difficult to 
find this number in the consumer-oriented 
instructions so we'll note here what you would 
read if you could find such a spec. 

Noise Figure (n/f) in a today-installation 
can be as low as 0.5 dB (UHF with quality 
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masthead) or as poor as 10+ dB (UHF with no 
masthead). Typical VHF noise figures are 5 dB 
for the TV set tuner on band I; 6 dB on band 
M. 

The noise power is sensitive to 
bandwidth. One method of reducing the 
apparent noise is to reduce the bandwidth of the 
receiver (recall the fringe model TV sets with 
IF bandwidths reduced for improved 
performance). A receive system with a noise 
figure of zero, desireable, is unattainable. 

The TV set noise figure can be 
markedly improved with a well engineered 
masthead amplifier appropriately installed. The 
noise figure of the entire system, not the noise 
figure of the TV set alone, will determine the 
quality of reception possible. A low noise VHF 
masthead amplifier (typically with a noise figure 
of 2 dB or less) has the ability to double (ic., 3 
dB improve) the receive system sensitivity. 
We'll see why and how shortly. 

b) NOISE LIMITING. In the real 
world, there is noise; the antenna system finds 
noise (radiated by power lines, neon-signs, 
neighbor's fishtank-heaters, electric-stock 
fences, ad infinitum), and, the receiver 
generates its own noise and having done this 
dastardly deed proceeds to amplify that noise 
(along with the antenna contributed noise) in 
each successive receiver gain stage. Thus these 
noise sources become the noise-hiss you hear in 
the speaker and the dancing (snow) ‘dots' and 
‘dashes' you see in the picture. 

So what are the practical limits of noise 


UHE VHE "TUNER NOISE FIGURE 
pa S Br Bll ; 


10 dB 


6 dB 


limiting; if you reduce the noise contributing 
elements to their attainable minimums, how 
weak a signal can you use to produce a 
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watchable TV picture? The answer is buried, 
like the TV picture in the noise, under several 
layers of variables. First we'll define picture 
quality when the picture is marred by noise; 
noise from any source. 

Read the two photo captions here (right), 
carefully. The TV signal level (50 microvolts; 
the same as -26 dBmv, or, 34 dBuV) is 
constant; what changes is the noise figure of the 
TV receiving system. The top photo is the 
50 microvolt signal as displayed on a UHF TV 
tuner with a 10 dB noise figure. The bottom 
figure is the same 50 microvolt signal when the 
TV tuner is preceded with a 0.5 dB noise figure 
masthead at the antenna. 

Or, let's look at this in another way. 

Four illustrative off-screen photos appear on the 
facing page. 

We have a single five element yagi for a 
distant channel 9 and a 80 microvolt (-22 
dBmvV; 38 dBuV) signal going to a modern 
TV set. The picture has a measured signal + 
noise to noise ratio (SNR) of 16 dB (top left 
photo, next page). 


Now we replace the 5 element yagi with 
a single ten element yagi. The signal level rises 
to 110 microvolts (19 dB SNR). 

Alas, the customer again wants a still 
better picture so the antenna size is increased, 
again, to a pair of 10 element yagis and we add 
a mast- head with a 2 dB noise figure. Our net 
gain will now be 2.5 dB for the double size 
antenna, and, 3.5 dB for the low noise 
masthead. The 25 dB SNR signal (150 
microvolts before the amplifier gain is included) 
signal is at top right on the facing page. 


The customer wants still more so we 
graduate to 4 times 10 elements. The additional 
2.5 dB of antenna gain increases the SNR to 
27.5 (28) dB at a measured antenna signal level 
of 220 microvolts (-13 dBmV/47 dBuV); less 
the pre-amplifier voltage gain. 

In the four off-screen photos, you can see 
with your own eyes the positive differences 


created by expanding the customer's antenna 
system from a single five element yagi and no 
masthead pre-amplifier to a stacked array of 
four - ten element yagis with a 2 dB noise 
figure masthead unit. A set of photos later in 
this Tech Bulletin show the ranges between 10 
dB SNR and 40 dB SNR. But how do these 
signal plus noise to noise ratio numbers 
(abbreviated SNR here) correlate to picture 
quality? A table on page eight here lists the 


results of extensive testing conducted by the 
(American) Federal Communications 
Commission and dozens of independent TV 
equipment manufacturers in the period 
1956-1959. From these tests we have the 
worldwide application of the so-called TASO 
Scale which breaks reception quality into six 
easily remembered stages. The steps between 
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stages are 6 dB (in SNR), which reflects the 
kind of signal quality changes necessary to 
allow typical consumers to ‘grade’ the reception 
quality improvement (or degrading; in the 
reverse direction). From the four photos on this 
page, our range then becomes TASO Grade 5 
(5 element antenna) to TASO Grade 3 

(stacked array of four 10 element antennas, plus 


Snai 


2 ‘x’ 10 L 0 
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the addition of the 2 dB n/f masthead 
amplifier). In non-technical, descriptive terms 
the customer would understand the picture has 
improved from 'very objectionable noise’ (and 
no color) at Grade 5 to 'solid color, some 
noise’ at Grade 3. Now we have the entire 
installation defined in a precise manner; as the 
installer you can measure and calculate the 
‘system numbers’ while the customer has been 
told what specifically to expect after 
authorizing you to upgrade the system from 
their original simplistic five element yagi. 


STARTING AT 'ZERO' 


Because there is noise, external noise 
brought in by the antenna and internal noise 
generated by the receiving equipment, it is 
important to understand where the 'thresholds' 
of noise occur. Or, how weak a signal can be 
and still be detected on a TV set. 


If we employ ‘state-of-the-art’ masthead 
pre-amplifiers in each frequency band, and 
properly install these mastheads directly at the 
‘output terminals’ of the antenna (before the 
downline begins), the real-world thresholds are 


TASO GRADE 


6 Barely Watchable 10 dB SNR 


5 Very Objectionable Noise 16 dB SNR 


4 Color, objectionable noise 22 dB SNR 


3 Solid color, some noise 28 dB SNR 
2 Slightly perceptible noise 34 dB SNR 


1 No Noise, ‘perfect picture’ 40 dB SNR 


as follows: 
Band I - minus 37 dBmV/14 microvolts 
Band III - minus 39 dBmV/ 11 microvolts 


Bands IV/V - minus 45 dBmV/5.6 microvolts 


To achieve these threshold numbers (the 
signal level at which you can detect the 
presence of a ‘frame-bar' on the screen) requires 
a 2.0 dB noise figure masthead at bands I and 
Ill, and a 0.5 dB noise figure unit at bands 
IV/V. Note these are not watchable pictures 
(not even TASO 6); just detectable signals. 
Actually measuring signal levels this weak is 
not possible using conventional installer signal 
level/field strength meters. Knowing these 
threshold points, however, gives you a ‘feel’ for 
where you are when you are surveying a site for 
possible installation. 


THE MATH OF MASTHEADS 


The quality of the pictures delivered to 
a customer depends primarily upon the ratio 
between the signal (the good guy) and the noise 
(the not-so-good guy). There is only one signal 
source; the (usually distant) desired transmitter 
(DT). Recall there are at least two families of 
noise in our ratio. 

1) The noise collected, along with 
signal, by the antenna, and- 

2) the noise generated by the receiving 
system. 

When electricity is applied to a circuit, 
electrons 'move' or flow. When this happens a 
series of random pulses is created; pulses of 
broadband static, as it were; noise. The only 
way to silence this electron-agitated-pulse train 
is to turn off the electricity; and cool the circuit 
itself to a temperature of -273 C; absolute 
zero. A circuit with no electricity and so cold no 
electron movement can take place is totally 
quiet. It is also a very poor amplifier in this 
state. 

If we can't shut it off, and we can't cool 
it down to absolute zero, well ... we just have to 
accept noise. 


-text continues on page ten- 


TECH BULLETIN 9302 - Page 9 


REACHING THE REAL-WORLD NOISE THRESHOLD FLOOR 


Noise generated within the receiving system (system: ‘Masthead through video and audio 
amplifiers in receiver proper’) can be reduced to the system threshold floor by careful 
selection and installation of a suitable masthead amplifier. Using modern pre-amplifier 
technology, a masthead noise figure (n/f) as low as 0.5 dB is possible. This represents an 
improvement of from 4.5 dB (at band I) to 10 dB (at UHF) over TV receiver noise figures 
(thresholds) normally established by the (higher noise figure) TV RF tuner stage in the 
receiver. 

Conversely, at band I and II frequencies (45 to 230 MHz), noise originating from 
man-made sources (such as power lines, combustion engine ignition systems) will very 
rarely be lower than the equivilent of a 2.0 dB masthead noise figure at an antenna 
receiving site. As a practical matter, masthead amplifier noise figures lower than 2.0 dB 
within bands I and III are not useful since the antenna system receives a constant 
background noise from manmade sources equivilent to a 2 dB noise figure; or more. Only 
in very remote, rural areas will background noise’ from manmade (or cosmic) sources be so 
low as to make a masthead pre-amplifier with a noise figure below 2 dB useful. 

At UHF (bands IV and V) frequencies, while it is possible to have background noise as 
great as 4 to 6 dB, it is equally possible to have antenna sites where the background noise is 
well below 2 dB equivilency. Thus at bands IV and V, space-age GaAs-FET masthead 
amplifiers with noise figures in the 0.5 dB range can be beneficial. 
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WHILE TASO adopted -40 dBmV as the practical TV receiver threshold (1959), a 
function of receiver noise figures, modern day low-noise mastheads can reduce these 
thresholds to as low as -46 dBmV for bands IV/V. Bands I, II are environment-noise 
limited. 
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Fortunately as technology has advanced, 
substances which generate less noise when used 
as amplifiers have been found. Gallium 
Arsenide or GaAs is one such substance. GaAs 
configured as a field-effect-transistor (FET) 
produces a GaAs-FET and with this as a 
starting point amplifier circuits which create 
noise figures in the 0.5 dB and under region are 
now commonplace through SHF (super high 
frequencies). 

At frequencies below 300 MHz, while 
some GaAs-FET amplifiers are available, such 
uses are typically limited to very narrow 
bandwidth receiving systems where the noise 
floor can be reduced with selective receiver 
filtering. For a TV signal occupying a 6.105 
MHz bandwidth, a GaAs-FET amplifier at 50 
or even 200 MHz is much like installing a 
Chevy V8 in a VW Bug. You can never realize 
the potential of the GaAs-FET at these 
frequencies given the ambient noise levels of 
the VHF range in a 6.105 MHz bandwidth. 

At frequencies above 500 MHz, the 
antenna-induced ambient noise levels (ie., 
man-made and natural) have diminished to the 
point that installations in reasonably quiet 
locales can actually benefit from noise figures 
under 1 dB; even in a 6.105 MHz demodulated 
bandwidth. 

Alas, whether you are attempting to use 
a 2 dB noise figure conventional masthead 
amplifier at bands I and IIL, or, a 0.5 dB noise 
figure GaAs-FET pre-amplifier at 600 MHz, 
there are very important procedures which 
must be followed. 

a) Match Loss. The antenna in your 
system, whether a single yagi/log or a 
multiple-antenna-stacked array, has a nominal 
impedance. Your masthead amplifier also has a 
nominal impedance. The two must be the same 
(ie., matched) or the impedance mis-match will 
result in energy (signal voltage) loss in the 
antenna-to-masthead connection process. 

1) Many consumer oriented antennas 
are 300 ohm. Virtually all properly designed 
masthead amplifiers are 75 ohms; input and 


output. The standard practice is to place a 300 
ohm / 75 ohm (balanced to unbalanced) 
weatherproof (ie., outdoor) transformer 
between the antenna and the pre-amplifier. 

Ask yourself how do you select your 
matching transformers? By their price? The 
packaging? Or, because they come from the 
same supplier as your antennas? 

Most balun matching transformers are 
installed and seldom considered as potentially 
very destructive elements in an antenna system 
installation. Here's what you should be 
considering. 

2) Baluns often use ferrite wound 
transformers to achieve the impedance 
adjustment between 300 and 75 ohms. 

3) Especially at UHF, unbalance of the 
300 ohm side is a common design flaw. When 
there is a bad match at the 300 ohm side of the 
transformer, the antenna you are connected to 
sees a mis-match which creates an undesireable 
effect known as standing waves (high VSWR) 
at the antenna output terminal. This mis-match 
reduces the transfer of energy from the 300 
ohm antenna to the 75 ohm side of the 
matching transformer. It may also create 
coupling of signal voltage to the antenna 
support structure and the shield of the 75 ohm 
coaxial line. None of this is good; signal is lost 
(without hope of retrieval). 

Let's hop to the bottom line. An 
out-of-the-catalog matching transformer 
using ferrite winding cores will lose no less 
than 1 dB of signal at 600 MHz; as much as 
2. That's lost signal, as in gone forever. You 
can reduce this loss to less than 0.2 dB at 600 
MHz by carefully sourcing the matching 
transformers you are forced to use in your 
systems. 

A slightly harder problem to visualize is 
the physicai placement of the masthead 
amplifier. We all know it is called 'masthead' 
because it goes on the mast at the head of the 
system. But how often does this become the 
bottom of the mast because you didn't think 
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THREE COMMON ANTENNA FEED MATCHING TECHNIQUES 


you were going to need/use a masthead, and 
then once you knew you needed one, well ... it 
was far easier to insert it into the line at the 
roofline then at the actual antenna! 

Here's the harder-to-visualize part. 

Any signal loss, no matter how 
seemingly small, between the output connector 
on the antenna and the input connector on the 
masthead amplifier, is lost forever. You will 
never gain it back, no matter how much 
amplifier gain you stick in the system after the 
point of amplifier insertion. How's that true? 

Isn't voltage to be lost, and re-gained, at 
will; with an amplifier? Voltage yes. Except ... 
except when we are dealing with a signal + 
noise to noise ratio (SNR), the signal voltage 
alone is not the determining factor in the quality 
of the customer's picture. SNR is a ratio, 
between the signal and the noise. Unless 
carefully engineered, an amplifier raises the 
voltage (the 'S' in SNR) and at the same time 
increases the 'N' as well. Stay tuned. 

The noise figure of a planned receiving 
system is established by the first stage of the 


system. We don't count the antenna as a stage 
but everything between the antenna output and 
the first active (voltage operated) amplifier is a 
stage. If we exit the (300 ohm) antenna 
terminals with a matching transformer and it has 
2 dB conversion loss, and then go through 
what we would like to think of as a short length 
of RG-6/U with 1 dB more loss before we plug 
into the active (masthead) amplifier, there is 
now 3 dB of signal loss between the antenna 
output terminals and the masthead input 
terminal (2 + 1 = 3). 

If this is a band IV UHF system and a 
0.5 dB noise figure GaAs-FET masthead 
amplifier has been installed, we might expect 
the system noise figure to be set at 0.5 dB by 
that 0.5 dB GaAs-FET pre-amplifier. 


Wrong. 


The 2 dB matching transformer loss 
plus the 1 dB makes this example system a 3 
dB noise figure receiving system no matter 
what we do from the masthead amplifier 


MATCHING TRANSFORMERS CAN DESTROY SYSTEM THRESHOLD 
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onwards. In fact, the system would produce the 
same quality pictures with a 2 dB or even 3 dB 
noise figure masthead amplifier as it will with 
the 0.5 dB GaAs-FET unit! By not placing the 
masthead amplifier directly at the antenna 
system output terminal, you have degraded the 
system noise figure (ic., threshold of 
sensitivity) by all of the loss between the output 


of the antenna and the input to the masthead. 
The math behind this valid statement is 


lengthy but the facts solid; that is why satellite 
dishes install the LNA (low noise amplifier) 
right into the feedhorn on the dish; to eliminate 
all loss between the feed and the LNA 
(masthead). 

And needless to say if you have tried to 
improve the picture quality on a previously 
installed home system by tacking on a 
masthead amplifier at the back of the TV set 
after 20 or 30 metres of RG-6/U between 
antenna and the TV set... and wondered why 
the improvement was disappointing ... well, 
now you know. 

Let's restate these very important points. 


1) Impedance mismatch between the 
antenna output and the input to the masthead 


amplifier is lost energy; never to be regained. 
How serious is this? Consider the 3 

dB loss in our just-cited example. 3 dB is 
equivilent to cutting your antenna system 

in half; ie., the effective gain of your antenna 
just went down 50% because you gave 

away 3 dB between the antenna output and the 
masthead input. Pretty sloppy. 

2) Any loss, whether due to impedance 
mis-match or because you have placed coaxial 
line between the antenna output and the 
masthead amp input, is signal lost forever. You 
cannot get it back in your all-important signal + 
noise to noise equation; the one that counts 
when monitored on your customer's TV 
screen! 


And this it-should-be-obvious-but ... 
additional point. When you have two or more 
separate antennas to be combined into a single 
downline (such as separate band I and III 
antennas, or, a VHF to a UHF antenna), what 
do you suppose happens when you follow the 
antenna-combiner with a masthead amplifier? 

Nothing good, rest assured. If you are 
installing in an area where you have plenty of 
margin for error (and giving away signal), 
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continue your unpure habits. But, if you are 
always fighting for the last dB of signal and 
routinely joining (combining) antennas before 
masthead amplifying, change your ways. Here's 
why. 


A two-way splitter employed as a 
signal combiner joining dis-similar antennas 
does undesireable things to the impedance seen 
by the masthead amp; especially if the 
combiner is closely followed (a meter or less of 
cable) by the amp. The loss in the combiner is 
permanent loss never to be recovered. The 
combined-side that will suffer the most is 
usually the UHF antenna; normally it will be the 
weaker of the two (signal) sides (although it 
could be the VHF side or band III side when 
combining band I and III antennas). Mismatch 
affects vary quite unpredictably. 


Certainly it is desireable to bring down a 
single transmission line to the TV set with all 
signals intact. The purist way of doing this is to: 


1) Employ a masthead with two 
separate inputs; one specifically for UHF, one 
for VHF (examples: the Fringe Electronics 
UV1228 or Kingray MHW34T where gain is 
required at VHF and UHF; the Fringe 
Electronics WB22V or Kingray MHU34T 
where only UHF gain is required). This 
eliminates the combiner. 

2) Or, although more expensive, employ 
two separate mastheads (one for each antenna) 
with a combiner following the mastheads that 
passes thru-power to both amplifiers, and, a 
power supply capable of powering two 
mastheads. 


Note: If you have plenty of signal to 
burn, or only require amplified signal 
because of subsequent signal splitting/ 
distribution, skip the masthead altogether and 
install a multiple-output distribution 
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amplifier inside the house, powered directly 
from AC mains. 

Which brings us to masthead amplifier 
gain. How much is enough? 

The real purpose of a masthead 
amplifier is to improve the signal + noise to 
noise ratio of the received signal(s). This 
happens only when the noise figure of the 
masthead is lower than the noise figure of the 
TV set to follow, and, when the gain of the 
masthead is sufficient to override the noise 
figure of the TV set (VCR tuner). The 
computation of how much gain is enough 
involves taking the known noise figure of the 
TV tuner/VCR tuner, the noise figure plus 
gain/loss of all subsequent stages (RF/IF) in the 
receiver to the detector, and subtracting any 
losses such as the loss of the transmission line 
between the output of the masthead and the 
input to the tuner. It might require 30 minutes 
or so to calculate one situation. We can 
summarize for you. 


20 dB of gain. 


This is almost-always sufficient gain to 
establish the noise figure of the masthead 
(assuming you have not placed loss between the 
antenna output and the input to the masthead) 
as the noise figure of the receiving system. 
There is an exception to this generalized rule; 
UHF when you have substantial line losses 
between the output of the masthead and the 
input to the TV tuner. 

Those losses can be in the form of 
cable loss (10.4 dB per 100 metres at channel 
40 when using 11 Foam Series cable), splitter 
loss (at least 4 dB - perhaps more - for each 
two-way splitter), or, a combination of the two. 

Generally speaking, the TV tuner has 
(see page 5 here) a noise figure. The masthead 
voltage gain needs to be no less than 3 dB 
greater than the noise figure of the TV tuner 
after losses between the masthead and the TV 
tuner have been subtracted. 
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Keep in mind the masthead voltage gain 
must be no less than 3 dB greater than the noise 
figure of the TV tuner after line and possible 
split losses between the two, if you are to 
establish the noise figure of the masthead as the 


new system noise figure. 


Warning. If your input signal(s) are 
strong, it is not adviseable to use a masthead 
amplifier as a substitute for a distribution 
amplifier. The transistors chosen for masthead 
units are selected because of their low noise 
characteristics, not because of their signal 
handling capabilities. Using a masthead 
designed for preamplification in a medium to 
strong signal area (with two or more signals 
available through the masthead) can result in 
amplifier overload and cross modulation. 
Conversely, distribution amplifiers (typically 
offering two to eight bridged outputs) make 
poor substitutes for masthead amplifiers, lacking 
the necessary low noise figures and weak-signal 
amplifying circuits. 


THE MATH OF LARGE ANTENNA 
ARRAYS 


Antenna's are measured for several 
characteristics and these numbers are published 
as specifications. Before you can paper-design a 
deep fringe array for maximized forward gain, 
there are things you need to know about the 
individual antennas going into the array. It 
would be helpful to know: 


WHEN 20 dB IS NOT ENOUGH: UHF 
+20 dB 

b) Antenna Transformer loss -3 dB 

c) Downline loss/700 MHz -8 dB(-11) 

d) Tuner Noise Figure 


-11 dB(-22) 
¢) 3 dB gain margin -3 dB(-25) 
f) Net margin minus 5 dB 
Note: Pre-Amp gain needed - +25 dB 

` to make up for 5 dB shortfall ` 


1) Antenna forward gain 

2) Antenna impedance 

3) Antenna front-to-back ratio 

4) Antenna front to side nulls; how 
deep and where located 


Forward Gain is typically stated as a 
number; "9.5 dB" is an example. If this is the 
entire data sheet statement, it falls short of being 
adequate. "9.5 dB gain when compared to 
what reference antenna?” It is common 
practice to refer forward gain to a resonant 
dipole or half wave-length antenna cut for the 
same frequency/channel. If this is the actual 
reference, then the antenna’s published gain 
would be more properly stated as "9.5 dBd" 
with the last "d" standing for dipole. 


Some manufacturers compare their 
antenna gain to a mathematical reference 
known as an isotropic source. If this is their 
choice, the published spec should read "9.5 
dBi" where "i" stands for isotropic source 
antenna. In no case should the gain be simply 
listed as ''so-many dB" since gain is a 
relationship between one known reference 
antenna (dipole or isotropic) and the stated 
antenna. 


Isotropic gain and gain compared to a 
dipole are not the same. The same antenna 
properly compared to isotropic and dipole will 
have 2.14 dB more gain when referenced to an 
isotropic source. When you are considering 
two antennas, and do not know what their 
stated gain compares to, there is no way to 
evaluate the performance of the two antennas 
on paper. 


Antenna impedance is often calculated 
rather than measured and not very carefully at 
that. In some circumstances the impedance (ie., 
the type of match provided to a transmission 
line) quoted is best case in a log or 
multi-channel yagi antenna; ie., the most 


favourable match at the optimum point within 
the antenna's design bandwidth. Unless the 
antenna is a true log-periodic design the 
impedance of the antenna will fluctuate over a 
wide range through the design band (or group 
of channels); there's no other way for a yagi 
design to function, no matter how cleverly it is 
designed. And even log-periodics if overly 
ambitious (ie., attempting to cover more than a 


single frequency-octave) have ‘match’ problems. 


Bottom line on match? A well designed 
single channel yagi can provide an acceptable 
match (transfer of energy) to the feedline over 
as much as one channel in band I; several (as 
many as four) channels in band MI. And, a well 
designed log-periodic covering no more than a 
frequency octave (ie., 45-90 MHz, 115 to 230 
MHz but not 45 to 230 MHz) can be well 
matched. Claims to the contrary are suspect. 


Antenna front-to-back ratio. Rejection 
of co-channel or adjacent channel signals 
coming from the rear of the antenna depends 
totally on the F to B (f/b) ratio. The ability to 
reject rear-side signals is a function of spacing 
between the driven (dipole) element and 
reflector, the length of the reflector, and 
(surprise) the spacing between the dipole and 
the first director. In a multi-channel antenna, 
the f/b ratio can only be best on one of those 
channels (the one channel where the spacings 
and length are optimized). On all other 
channels, the f/b is degraded. When you are 
counting on the published number for an 
installation to work, check out the performance 


FIVE ELEMENT y YAGI 
GAIN: 
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Compared to resonant dipole 


This is the same antenna, but using two n 
different comparison standards. 
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yourself by measuring the signal gain from the 
front (read signal level on a signal level/field 
strength meter), rotating it to the rear and 
reading it again. The on-scale difference in dB 
is your measured front to back (f/b). 

Antenna front to side (nulls). Possible to 
measure if you have an antenna test range;_not 
possible on your roof. Nulls are modified by 
the presence of guy wires on the mast, and the 
mast itself; a metal roof under the antenna or 
next door; a heavily leafed tree on one side or a 
car parked in the driveway. In other words, 
breathe the wrong way, wear the run coloured 
tie or eat the wrong cereal for breakfast and you 
can move the nulls around. Getting rid of nulls 
is what co-channel elimination is all about. 
Doing it repeatedly, under pressure, separates 
the amateurs from the professionals. A 
published polar plot pattern of the antenna's 
360 degree gain, showing peaks and nulls, is a 
starting point for analysis; if such a plot exists. 
But in the real world on top of a customer's 
roof, those tiny little nulls and peaks 
off-antenna-centre will most assuredly not be 
where they appear on paper. Sorting it out is 
what you get paid to do. See Tech Bulletin 
9301. 

Which brings us to a starting point for 
the assembly and fine-tuning of multiple stack 
antenna arrays. 


FIRST - A TEST 

Fringe-area TV reception antenna arrays 
in Europe and North America are an 
order-of-magnitude larger than anything seen in 
New Zealand. The most massive arrays are 
found at cable television companies where one 
master antenna is 'shared' (for a monthly fee) 
by hundreds or thousands of viewing homes. In 
North America today, according to the 
National Cable Television Association 
(NCTA), there are more than 8,000 cable 
television systems functional. Indeed, more than 
60% of all American homes are now connected 
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to cable TV systems. This is far more practical 
for the viewer than you might first suspect. 


1) The average U.S. cable system brings 
just over 35 TV channels into the home. Of 
these 35, on average 16 are received 'off-air' 
through the antennas of the cable firm from TV 
transmitters typically within 200 km of the cable 
community. The balance are delivered to the 
cable system via C and Ku band satellite, or 
created locally at the cable company's headend 
site (signal processing centre). 


2) Cities such as Seattle and San 
Francisco are text-book cable communities; 
laced with hills, valleys and tall buildings which 
block direct line of sight transmission from the 
local VHF and UHF television transmitters even 
though they may be less than 10 km distant. 
The rough terrain and man-made obstacles 
simultaneously cause high signal attenuation 
between the transmitter and home rooftops, 
and, create badly ghosted pictures with severe 
reflections from these same buildings and hills. 
Add to this from the community itself millions 
of decibels of man-made interference, and you 
have the 'textbook' cable community. It may 
strike you that Wellington has nearly identical 
problems. 

Viewers unable to see the primary 
transmitters without obstruction suffered poor 
reception until cable began in the 1960s. 


3) In rural areas where the terrain also 
blocks direct reception, or distance from the 
transmitter(s) reduces signal levels to low levels, 
cable entrepreneurs have created cable systems 
by either developing sizeable off-air-antenna 
receiving systems on hill/mountain tops near to 
the community they will serve, or by building 
towers as tall as 250 metres above ground to 
provide an elevated platform from which large 
antenna arrays can be mounted for reception no 
individual home owner could afford to duplicate 
from his rooftop. 


The shared nature of cable TV in 
Europe and North America is an economy of 
scale; where one or two or even a dozen 
families probably could not afford the necessary 
towers, antennas and signal processing 
equipment to pick up and amplify six or sixteen 
TV transmitters perhaps 200 km distant, by 
selecting communities where the cost of the 
installation can be amortized over hundreds or 
thousands of homes in a reasonable period of 
time (such as 5 to 7 years), a cable business can 
be launched. 

What we learn from this is that the 
technology and the equipment required to bring 
first or new channels of television to rural un or 
underserved Kiwis is commonly available. 
Some of this technology finds its way into the 
following material. 


And the test. 


With nearly 1,100 TV transmitters at 
just under 500 'sites' in New Zealand, it is 
inescapable that some signals find their way to 
virtually every nook and cranny of the country. 
Granted the signal(s) you expect to find may 
not be present at the rooftop level of your 
customer's home. Granted it may take more 
than a $100 antenna stuck on a 2 metre mast to 
bring an acceptable signal into the home. 
Granted the customer by him or herself 
maynot be able to find the signal and bring it to 
the TV set without some professional help. But 
we are here to assure you that if you are willing 
to deviate from normal rooftop practices and 
spend some time developing your own skills, 
there is considerable new business out there for 
the installing stockist who is willing to capitalize 
on the un or underserved homes strong desire 
to have quality, multiple-channel television 
reception. 

The first step is for the installer to test 
for signals. Not merely at the convenient 
rooftop level of the would-be viewer, but in the 
vicinity of the viewer. 


TECH BULLETIN 9302 - Page 17 


= ~~ 


So. PN 


ANTENNA PATTERN =s GAIN (#2) 


G.O dBd 


ELEMENT 


Raviares 


BEST uF 
Relea | 
DIPOLE | 2 D\RecToRS 


7.0 dd 


5 ELENENT 


Raae S 
Besr T 
REFLECTOR / 
Dipole | 3 DiREcTORS 


10 dBd 


Io ELENENT 


Rapiate S$ 
Best } 


| REFECTOR / 
| Dipote / B DRECTRS 


TECH BULLETIN 9302 - Page 18 


1) That hill, which logic tells you is 
blocking direct reception, is the first place to 
test. Carry a test antenna, a short length of 
coaxial cable, a small battery operated TV and 
a suitable field strength meter to the top of the 
hill. And search for signals; not just the 
transmitters you believe to be nearest to you in 
the appropriate direction, but in all directions on 
all channels. In the extremely rough (ie., hilly 
and mountainous) terrain of New Zealand, 
VHF (and UHF we will discover) signals often 
appear in very surprising places up to 300 km 
from their points of origin. 


An example. TV3 ran out of funds 
before it was fully extended to all of the main 
or primary transmitter sites operated by BCL 
for TVNZ. On North Island, TV3 is carried 
north from Auckland (Waiatarua site) to 
Horokaka. TV3 ends (going north) at 
Horokaka; other than low power (under 100 
watt) local transmitters serving Whangarei from 
the Parahaki site. TVs 1 and 2 continue north 
via first Hikurangi, and then Maungataniwha 
with the latter sitting astride a 567 metre ridge 
overlooking all of the Far North and up Cape 
Reinga. Viewers served by Hikurangi (26,250 
people) and Maungataniwha (17,250 people), 
as well as the 18 translator/repeater sites fed by 
Hikurangi and Maungataniwha (7,400 people), 
are outside of TV3 coverage. 

The airline distance from Horokaka to 
Kaitaia is 118 kilometres. In addition to this 
distance (nearly 2 times the normal reach of 
Horokaka) there are multiple mountainous 
ridges spaced along the direct path between the 
two points as much as 62 metres higher than 
the Horokaka transmission site. Even if the 
terrain between Horokaka and Kaitaia was dead 
flat, for Kaitaia to recetve TV3 on channel 9 
(vertical) would require a Kaitaia reception 
tower 281 metres above ground to reach the 
TV3 signal; such are the ‘rules’ of VHF line of 
sight transmission. 


Yet in some portions of Kaitaia an 
estimated 5% of the town's residents have TV3 
reception; day in and day out, without regard 
to changing weather nor 'skip' conditions. The 
signal is solid to within a couple of dB of fading 
at all times; on 5 element yagi antennas 5-10m 
above ground. 


The answer to this 'mystery' is 
something known as knife-edge refraction; a 
VHF (UHF) propagation phenominon first 
studied in detail at an Alaskan location where it 
was found 100 MHz region signals intercepted 
near the path mid-point by 6,204 metre high 
Mt. McKinley were 'rock solid’ at a location 
near Tanana, Alaska some 420 kilometres from 
their origin point in Anchorage. Subsequent 
studies of knife-edge refraction conducted by 
several universities in North America provided 
an explanation for the observations. 


1) When a mountain peak or ridge of 
elevated terrain occurs along the VHF (UHF) 
path between two points which normally cannot 
and could not communicate with 
each other (even if the terrain were flat between 
the two locations), the peak or ridge acts like a 
passive repeater refracting the signal(s) over its 
ridgeline much in the same way a quartz prism 
can seem to bend lightwaves. 


2) The terrain conditions for this to 
happen are now well understood, and they 
include: 

a) Both the transmitting site 
and the receiving site must be able to see (being 
line of sight to ...) the intervening peak or ridge. 


b) Ideally, the peak or ridge will 
have a sharp (well defined) edge (like a knife; 
hence, the name knife-edge) which is 
perpendicular to the path of the signals. 


le., the signal will travel through free 
space (without being stopped by any terrain) to 


TECH BULLETIN 9302 - Page 19 
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the well-defined (knife) edge where the physical 
shape and on-path placement of the 
ridge/mountain top will change the direction of 
travel of the wavefront; bending it downward 
towards the horizon in the direction opposite 
(ie., approximately 180 degrees from) the 
direction of arrival to the ridge. Now the 
refracted signal continues on its bent journey 
to come back to earth after going through more 
free (non-interrupted) space. Because the path 
is line of sight between the transmitter and the 
knife-edge point and it continues line of sight 
to the ultimate receiving location, there is 
virtually no fading nor signal variation from 
changing weather conditions. 

A mathematical analysis of VHF and 
UHF knife-edge refraction paths also reveals 
the level of signal present at the ultimate 
receiving location approaches the level of signal 
you would expect to find at the same location if 


one constructed a tower (or flew in an airplane) 
up to the elevation required to directly intercept 
(ie., line of sight), the same signal above the 
ultimate reception point. In other words, the 
efficiency of knife-edge approaches 100% as 
a (re) transmission ‘system’. It is a totally 
‘passive’ repeater ... with gain! 


Returning to Kaitaia and TV3; it should 
not surprise you to learn those viewers who 
happen to live within the well defined reception 
zone enjoy TV3 reception with nothing more 
complicated than their normal channel 6 and 8 
antenna installed for TVs 1 and 2. This inspite 
of the fact that TV1 and 2 arrive over a path 
less than 25 kilometres long while TV3 arrives 
over a path averaging 118 kilometres in length. 

Reception zone. The placement of the 
intervening peak(s), the shape of the peaks 
(whether blunt edged, dome-sha' or 
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irregular in shape) and the location of the 
intervening knife-edge peak along the path (ie., 
whether precisely halfway along the path, or 
closer to one end than the other) all profoundly 
effect the size of the reception zone. Some 
zones are less than a few metres square while 
others may be several miles across. Your 
challenge, as an installer, is to first suspect such 
a knife-edge zone might exist, calculate where it 
might be (first done in the comfort of your 
office using Survey & Land Maps), and then 
finally going into the field with an antenna and 
field strength meter to devine the signal. 
Illustrations of good and bad ridge-crossing 
‘angles' appear on page 21 using Kaitaia as an 
example. 


WHEN YOU HAVE FOUND SIGNALS 


..and they are several hundred metres 
(or even several miles) from the home or homes 
you wish to serve, what next? 

Transporting one or more signals over 
distances to 750 metres suits simple 


= HoRoKane (S48 


CHANNEL 9 HOROKAKA (TV3) SIGNAL 
travels 98km before encountering refraction peak 


transmission lines quite well; and the cost need 
not be excessive. 

Beyond 750 metres (and this is hardly a 
fixed number) when you will serve only one or 
a few homes, the dollar-sensible transportation 
technique is through the air (as it would also be 
if the terrain to be covered is difficult or 
impossible to access). Now we are on 
quasi-legal ground; the use of airwaves to 
transport signals without RFS/Department of 
Commerce approval. Let's be up front about 
this. 


The regulations prohibit the turn-on of 
non-licensed, non-approved transmitters. If 
everyone in the country fabricated and 
turned-on their own private transmitters, the 
airwaves would collapse in chaos. The major 
danger is that any such transmitting device will 


radiate signal not only on its intended frequency 
(a TV channel) but also, quite unintentionally 
and quite to the surpise of the builder, on 
another frequency; such as 121.500 MHz, or 


square in the middle of an aircraft communica- 
tions band; dangerous! 
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UHF television channels 39-41 and 42 
are set aside for low power television 
broadcasting. Additionally, unlicensed TV 
transmission (with restrictions) is permissible 
under certain circumstances in the region 
inclusive of channels 39-42, and a few channels 
either side of these. An example of this is the 
(approved) Videosender unit (sold by Dick 
Smith Electronics) generating a TV signal in 
this region (typically pre-tuned to channel 36 
when removed from the box; but channel 
adjustable) and sold as a wireless extender of a 
user's VCR/TV (antenna). The measured 
output of this unit is in the region of 60 dBmV 
(100 dBuV) and it comes with an attached 
extendable (420 cm) whip antenna. 


Other options include Radio2 (form) 
licensed on-channel 'boosters' (at radiated 
power levels so low [10 microwatts] as to make 
them marginally useful; under Part XIII of the 
Regulations) or going through a more 
complicated licensing procedure with higher 


power ‘boosters’; both discussed at some length 
in Tech Bulletin 9303. 

For many installations, conventional 
low-loss transmission lines are more practical as 
such lines can carry several channels of TV 
simultaneously and there is little likelihood of 
interfering with other services operating a 
relatively simple cable connected remote 
antenna site. Fence lines (with posts in place) 
offer a handy way to route open-wire (ladder) 
line with appropriate line-mounting 
spacer/insulators along the way. Coaxial cable 
can usually be simply left on the ground 
provided there is minimal human and stock 
traffic in the area. See Tech Bulletin 9305 for 
a discussion of establishing transmission line 
distribution (ie., mini-cable systems) or TB9303 
for calculating through-air losses in a cable-less 
service. 


Generally speaking, all transmission lines 
exhibit line loss (attenuation) and the system 
designer looks first at the amount of signal 
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(before and after amplification) available at the 
antenna site, calculates the line loss in various 
types of lines available over the distance 
required, and then determines whether there is 
sufficient signal available to reach the TV set(s) 
at the bottom without additional amplification. 
Line-powered amplifiers can be placed 
on any type of TV transmission line and 
subject to certain limits of amplifier cascading 
you can string kilometres of cable with properly 
spaced repeater amplifiers without degrading 
the signal quality past the point of consumer 
acceptance (Tech Bulletins 9303 and 9305). 


TYPICAL CABLE LOSSES 


Cable loss increases per unit of cable 
length (such as over 100 metres of cable) as the 
frequency increases. Channel 1 TV will 
transport nearly twice as far in cable before 
amplification is required as channel 11 TV. At 
UHF, the difference is more dramatic as the 
table on page 23 illustrates. 

Assume a 20 dB gain amplifier to send 
signal through as much cable as you can 
string-out. You start with 0 dBmV at the input 
to the amplifier (producing +20 dBmV at the 
start of the cable/wire run) and you run cable 
for as far as you can go until you have returned 
to the 0 dBmV original level. How much cable 
will be possible? 


A 20 dB gain masthead amplifier is 
easily placed at the antenna and line-power-fed 
even through appropriate 300-450-600/75 ohm 
matching transformers (with power passing 
built-in); thus for bands I and III the limiting 
factor in this hypothetical installation is the loss 
at band III (258 metres in 7 foam; 321 metres in 
11 foam). 

One (or more) line amps can also be 
line powered in the system to extend the total 
cable length permissible. But there are caveats. 
All line amps have cascading limits (ie., the 
number of amps that can be placed in series 
along a line), and input levels to each amplifier 


ROLLING YOUR OWN OPEN WIRE 
Impedance Wire Size Center/Center 
300 ohms #12 12.5mm 
450 ohms #12 
600 ohms #12 
600 ohms = #14 
600 ohms #16 


25 mm 
152 mm 
124 mm 
95 mm 


following the first must be carefully adhered to 
within manufacturer stated parameters (to avoid 
undesireable modulation products developing); 
Tech Bulletins 9303 and 9305. 


As impressive as 1 or 6 inch (line to 
line spacing) open wire line appears to be in 
the tables on page 23 (certainly going nearly 6.3 
kilometres with only 20 dB of gain going in at 
channel 11 is impressive!), fabricating the line 
(6" spaced line is not an off-the-shelf item) and 
properly suspending it on wooden posts without 
metal (such as fencing wire) near to it (to avoid 
coupling effects to/from the nearby wires) can 
be a challenge. Note that 1/2" spaced (300 
ohm) and 1" spaced (450 ohm) open wire line 
is off-the-shelf available. Also note the loss 
difference between 1/2" open wire (300 ohm) 
and 1" open wire line (450 ohm) is barely 
measureable if each is properly designed. One 
danger with some of the readily available 300 or 
450 ohm open wire line is that the insulating 
(typically plastic) spacers which are sometimes 
used to retain the line-to-line spacing dimension 
are poorly quality-controlled and improperly 
affixed to the twin (parallel) wires. The surest 
way to have problems with any open wire line is 
to have non-uniform line-to-line spacing along 
the run. 

Do-it-yourself note: Quality, low loss, 
open wire line is unbeatable for low-loss, long 
transmission runs. Conversely we have seen 
installations where common #12 galvanized 
fencing wire has been stapled (!) to wooden 
fence posts at about 6 inch spacing and run 
hundreds of metres as a quick and dirty 
transmission line. You match the impedances in 
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dB LOSS PER 100 METRES 
7-Foam Series 11-Foam Series 1" Open Wire 6" Open Wire 


4,00 dB 


7.74 dB 
13.12 dB 


3.05 dB 
6.23 dB 
10.43 dB 


0.26 dB 
1.20 dB 
2.90 dB 


0,13 dB 
0.32 dB 
0.58 dB 


and out of such a line by marking off the last 
full-wave-length (measured as the wavelength in 
space ‘times’ the velocity of propagation [factor] 
of the open wire line; typically .95) on each end 
and gradually taper match the two lines to a 
1/2" (300 ohm) spacing over the full 
wavelength (at the lowest frequency in use on 
the system). There must be a matching section 


1) The TV receiver requires 
approximately 1,000 microvolts for a TASO 
Grade 1 picture. 

2) There will be transmission line loss 
from the antenna to the TV. 

3) Sooner or later the customer will 
want a second TV set outlet, which adds 
splitter loss to the equation. 


on both ends for the impedance transformation, 
or you will lose many (tens of) dB on the line. 
Note this is not a substitute for properly 
designed open wire line but it may work for you 
if you make an effort to maintain uniform (6" 
suggested) wire to wire spacing with the wires 
under tension to reduce whipping in winds. 
Metal posts would be a mistake since each 
metal post would act as a short to the lines! 


HOW MUCH ANTENNA GAIN? 


If your installation will not create a 
minimum of 250 microvolts (-12 dBmV/48 
dBuV) at the antenna output terminals before 
masthead amplification on the weakest channel 
to be transported, you could be using the 
wrong antenna system. Either you stack 
additional antennas of the same design to 
increase the gain, or you upgrade to a higher 
gain antenna. Here's the logic. 


HOW LONG A LINE RUN BEFORE 20 dB IS LOST? 


TV CHANNEL 7-Foam Series 11-Foam Series 1" Open Wire 6" Open Wire 
1 500 metres 655 metres 7,693 metres 15,385 metres 

11 258 metres 321 metres 1,667 metres 6,250 metres 

42 152 metres 192 metres 690 metres 3,448 metres 


4) You have the option of installing a 20 
dB gain masthead amplifier. 


TASO? 


The basis for this grading is the signal + 
noise to noise ratio; abbreviated SNR. The 
television receiver has a noise-threshold or 
floor; determined by the noise figure of the TV 
receiver as it processes a 7 (8)MHz wide video 
(+ audio) signal. The TASO assumption is that 
the typical TV set has a noise floor/threshold of 
-40 dBmV or 10 microvolts (abbreviated uV 
here). If the noise floor is at -40 dBmV(20 
dBuV), logic says an excellent quality signal 
which requires a 40 dB SNR will be 40 dB 
stronger than the noise floor; ie., 0 dBmV 
(1,000 uV). Which leads us to one more table 
(see top of page 25). 


Well now, if all it takes to have a Grade 1 
picture is 0 dBmV, why can't you stick a 30 dB 
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gain masthead amplifier on a -30 dBmV 
antenna signal and produce an extremely high 
quality picture? Fair question. 

Signal voltage alone is not what 
determines picture quality. It's that ratio 
between noise and the signal voltage. If you 
start out with a noise level of -40 dBmV and a 
signal level of -30 dBmV, the best signal + 
noise to noise ratio you can expect is 10 dB. 
Amplifying a -30 dBmV signal by 30 dB 
produces 0 dBmV of signal alright. But, the 
same amplifier also increases the -40 dBmV 
noise to -10 dBmV. You began, before 
amplification, with a SNR of 10 dB. After 
amplification you still have a 10 dB SNR; only 
now both the signal and the noise voltages are 
30 dB stronger! Is that the end of the story? 
Not quite. 


Recall the TV set has its own noise 
figure and this translates to a noise floor or 
threshold. With a properly engineered masthead 
amplifier and its careful use, you can reduce the 
TV receiving system (the system is the entire 
antenna + masthead + TV set configuration) 
noise figure. The -40 dBmV TV set noise floor 
assumed for TASO grading can be reduced by 
improving the TV set with a proper masthead 


THE Sae ERS - WHY 250 MICROVOLT MINIMUM? 


b) Amplifier Gain . 


c) Transmission Line Loss/Highest Channel (7-series Foam) 


d) Two-way splitter 


e) Aging + line loss to TV sets from spliter 


side-effect of electrons moving under voltage 
stimulation) and the noise coming into the 
system from manmade sources (electrical 
systems, ignition systems et al). We can reduce 
(but not eliminate) the noise originating inside 
of our receiving system. The outside noise 
sources can be located and repaired (not always 
practical), phased (reduced in signal level) with 
appropriate antenna stacking techniques, or 
accepted. 

Noise originating within the system can 
be dealt with using well accepted mathematical 
formulae. The results are predictable, 
repeatable. Noise from outside is subject to a 
wide variation in amplitude (level), type (ie., 
short pulses, a constant buzz, etc.) and resonant 


frequency. 


REDUCING THE INTERNAL 'NOISE 
FLOOR' 


Disconnect the aerial from the TV set 
and tune to a channel not in use in your area. 
The picture tube is alight with dancing black 
and white dots and the audio if cracked open 
‘hisses’ at you; noise. 

Now connect a masthead amplifier to 
the TV, but do not connect an aerial. Compare 


-12 dBmV *y 
(+) 20 dB (g) 


Adding the numbers: -12 (+) -2.5 (+) -4 (+) -1.5) = 20 dB loss 


Masthead pre-amp pain: +20 dB(g) — 


f) Level to TV - sets: -12 dBmV + 20 dB gain - -8 dB loss = © BmV (60 ABuVYTV Seis 


amplifier. 

Recall from pages 5/6 in this Tech 
Bulletin that your customer's TV receiving 
system faces two noise sources; the noise 
generated within the system (a natural 


the apparent noise present with and without the 
masthead amp. It looks stronger; it sounds 
stronger, with the amp; right? 


When electrons flow in a circuit, 


because of voltage applied, there is 


PUT LEVELS TO THE TV SET 
Grade Explanation Level To TV Set 
Excellent’ "Extremely fine quality, as good as you could 0 dBmV/1,000 microvolts 
desire" 
2/Fine "High quality, enjoyable viewing; slight inter- -6 dBm V/500 microvolts 
ference perceptible" 
3/Passable "Acceptable quality; interference not ob- -12 dBmV/250 microvolt 
jectionable" 
4 /Marginal "Poor quality; you wish you could improve -18 dBm V/130 microvolts 
. it; interference somewhat objectionable" 
5/Inferior "Picture very poor, but you can watch it -24 dBmV/63 microvolts 
in black and white; interference objectionable" 
6/Unuseable "Picture so bad you cannot watch it” -30 dBmV/32 microvolts 


TASO GRADING / AS A FUNCTION O 
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electron-noise. This noise is random with 
frequency (ie., very broadband). The TV 
receiver alone has a measureable amount of 

ernally generated noise. We'll call it the noise 
reii or floor. For you to have a quality TV 
picture through this receiver, the ratio of signal 
voltage to noise voltage must approximate the 
SNR depicted on the TASO grading scheme. 
By reducing the noise threshold/floor of the 
TV set, you can obtain the high TASO 
demanded ratios of SNR with a lower 
amplitude TV signal voltage. That in a nutshell 
is the primary reason you employ a low noise 
(as opposed to a not-so-low-noise) masthead 
amplifier. 

There are applications in this world for 
masthead amplifiers which produce voltage gain 
without pretext of being low noise. For 
example, if you are in a medium to high signal 
area, a not-so-low-noise masthead amplifier will 
increase signal voltages to allow long 
transmission line runs, or (if carefully used) 
multiple-set splitting. The amplification devices 
(ie., bi-polar transistors, field-effect transistors) 
in such not-so-low-noise mastheads differ from 
their low noise masthead cousins because they 
are for a different application. You cannot have 
ultra low masthead noise and, also, medium to 


high masthead amplification of strong si in 


the same masthead unit; the two are not 
compatible engineering requirements. 

In selecting a masthead amplifier, then, 
you must be certain the unit you are choosing is 
intended for the job requirement. A low-noise 
masthead unit is not adviseable in a medium to 
high signal area; a high gain, higher noise figure 
unit equally wrong in a weak signal area. 


SUMMARIZING SIGNAL + NOISE TO 
NOISE 


The effective noise threshold for a TV 
channel can be reduced in a given receiving 
system by carefully selecting and installing a 
low-noise masthead amplifier as physically close 
to the antenna output terminals as possible. In a 
band I or II system outfitted with such a 
masthead amplifier, the system SNR should 
improve by not less than 3 dB. And 3 dB is 
slightly more 'gain' than you should expect by 
doubling (as in stacking) the number of 
antenna elements in use. 

In UHF (bands IV and V) receiving 
systems, when the TV or VCR tuner have a 
noise figure of 10 dB or more, the improvement 
possible with the careful addition of a 0.5 dB 
noise figure GaAs-FET masthead unit should 
exceed 6 dB (*). And that's the equivilent to 
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making the original antenna system four times 
as large (ie., going from 1 stack of an antenna 
to four stacks). 

Avoid low-grade matching transformers 
when connecting a 300 ohm antenna to a 75 
ohm masthead amplifier as the matching 
transformer can easily cost you two dB in signal 
before amplification. Also avoid any combiners 
or other signal splitters between the antenna 
output and the input to the masthead amplifier 
when low noise is important; unless following 
stacking techniques. 

Masthead SNR requirements should be 
calculated by taking the available gain (say 20 
dB at the masthead) and subtracting: 

1) Known/suspected TV set noise 

figure (in dB) 

2) The line loss between the masthead 

unit and the TV set (in dB) 

3) Any other loss (such as a splitter) 

between masthead and TV set and, you 

should have not less than 3 dB of signal 

voltage left over after subtracting these 
numbers. If not, graduate to a higher gain 
masthead unit, select a lower loss transmission 
cable, or with an exceptionally long 
transmission line run follow the masthead unit 
with a line amplifier (also probably line 
powered) having its own noise figure no greater 
than the noise figure of the TV set/VCR 
(tuner); placing the line amplifier down the line 
where the signal voltage has dropped to a level 
equal to the noise figure of the line amp + 3 dB 
(see Tech Bulletins 9303 and 9305). 

Finally, not all masthead amplifiers are 
created equal. Any unit with a noise figure 
higher than 2.5 dB at bands I and II is hardly 
state-of-the-art and you can do better. UHF 
units with noise figures under 3 dB are 
worthwhile but for the really difficult 
installation, 0.5 dB is state-of-the-art. 


*/ Some sources at BCL claim exceptional 
top-line UHF TV tuners (TV sets and VCRs) 
have noise figures as low as 6-7 dB. 


INCREASING ANTENNA GAIN 


Not all antennas are created equal; 
either. The weaker your off-air signals, the 
greater the antenna gain required. Remember, 
you cannot improve the overall signal to noise 
ratio without increasing the signal part of the 
equation; once you have taken steps to reduce 
the noise to its practical minimum. 

Let's assume for discussion you are on a 
hilltop with a field strength meter and some type 
of all-channel antenna. There you find a 
desired channel 2 is -23 dBmV /37 dBuV while 
a desired channel 7 is -21 dBmV /39 dBuV. A 
chart on page 29 suggests you have a situation 
where the SNR will be in the region of 17 to 19 
dB; or marginal to inferior. 


What next? 


Before we start down the hill with the 
signal, what could be done to improve these 
marginal to inferior pictures? 

1) Masthead Amplifier. We'll need one 
just to reach the bottom of the hill. By selecting 
a low-noise unit, we can gain 3 dB of additional 
SNR in this step. Now we'll be at the 20 to 22 
dB SNR region. Better; but still basically 
marginal pictures. 

2) We don't really know the gain of the 
hilltop ‘test’ antenna at channel 2, but logic 
suggests it is no more than 5 dB; tops. We also 
don't know the gain of this all-channel antenna 
at channel 7 but logic again suggests it will not 
exceed 6 dB. 


A) If we installed a quality 
10-element channel 2 yagi (yes, they do exist!) 
with 10 dB of known gain, we'd add 5 dB to 
the channel 2 SNR over the test antenna; 
creating a new SNR of 25 dB. 

B) If we installed a pair of 
similar yagis for channel 7, with a total gain of 
12.5 dB (10 dB for one + 2.5 dB stacking 
gain), our SNR goes up 6.5 dB over the test 
antenna; making it now 28.5 dB. 
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If the installation design stopped here, 
the customer has gone from a 
marginally-inferior picture to a passable picture 
on channel 7 and one between marginal and 
passable at channel 2. The channel 2 picture 
could upgrade to passable by going back and 
adding a second stack of ten element channel 2 
yagi. 

Since this is on paper only at this stage, 
consider making both antenna arrays even 
larger. The results summarize here (top of next 
page) and a 2 dB noise figure masthead is 
built-in to each signal + noise to noise ratio 
calculation. 

SO ... there you sit atop a hill in the 
middle of a customer's paddock with -23 dBmV 
on channel 2 and -21 dBmV on channel 7. And 
you are only 64 ten element yagis away from 
perfect pictures! 

Of course you are unlikely to encounter 
a customer with either the dollars or inclination 
to fund such a massive array (25 dB of forward 
gain) but its interesting to see how this works 
none the less. In this situation, both you and the 
customer would probably settle for passable 
level signals; which means a two or four stack 
array on both channels 2 and 7. How do you 
phase them together and then mix their 
individual outputs to produce the same 
passable quality down-the-hill at the TV set(s)? 


Carefully. 
Very carefully. 


Recall that any combiner or other 
passive device, any coaxial or matching 
transformer loss after the antenna but before 
the low-noise masthead runs the risk of 
permanent impairment of the system noise 
figure. No system designer/installer wants to 
risk losing several dB of SNR after going to an 
extra sensitive antenna array with stacked yagi 
antennnas. 

Fortunately in our example the two 
channels in question are on different TV bands; 


ie., band I (channel 2) and band II (channel 7). 
This allows us to consider two technically 
correct options for combining the separate 
channels from two separate antenna arrays onto 
a single down-hill line. 


Number One: Two separate masthead 
amplifiers can be installed. Ideally, one would 
be a band I masthead amp (or even single 
channel; ie., 2) while the second would be band 
Il/channel 7. The bad news is that such narrow 
band mastheads are seldom carried in stock in 
New Zealand and while obtainable, the wait 
could be a couple of months. A viable option 
for this is to utilize a pair of VHF (ie., band I 
and band III in one unit) mastheads, placing 
each as close to the individual stacked antenna 
array outputs as possible. This gives us two 
mastheads, each connected to an antenna, and 
the output from each ready to connect to the 
single down/transmission line. Use a signal 
combiner? You could, but there is a better way. 
A device called a high/low separator (high being 
band II; low being band I), or, diplexer 
(Kingray DPOHL) provides 30+ dB of 
rejection of the opposite band. Two inputs (one 
high, one low) and one combined output. Now 
go into your downline and you'll have sufficient 
rejection of 2 through 7, and, 7 through 2 there 
should never be ghosting when signals get 
really strong (under favourable weather 
conditions that enhance signals). 


Number Two: If you can locate a pair of 
single channel mastheads, one each for 
channels 2 and 7, that will be the best way of 
all. 

Suppose, however, the two signals are 
in the same band; ie., channels 1 and 3 or 
channels 6 and 11? Life can be complex. 

Nuinber One: Some (European and 
North American) manufacturers offer 
single-channel filters. If you place separate 
mastheads on each antenna, then follow these 
with single-channel bandpass filters, you might 
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_ MAKE THE ARRAY LARGER - AND WATCH THE SIGNAL GROW! 
Antenna In Use = ChY/SNR_ TASO Grade Ch7/SNR TASO Grade 


Test Antenna 
10 Element X 1 


10 Element X 2 
10 Element X 4 
10 Element X 8 
10 Element X 16 
ent 
10 Element X 64 1/Excellent 


then be able to combine signals in the same with a field strength meter as an indicating 


band. The bad news is these bandpass (ie., device) and get 40 (50 on band III) dB total 
single channel) filters will not pass power and suppression on a single carrier. With one of 
you need the AC/DC power to run the these suppression traps in each line, you 


mastheads in front of the filters. Hirschmann | tune-out the wrong channel (ic., channel 1 on 
(a German firm) offers a suppression trap that | channel 3 antenna and vice-versa) and having 
will pass power. They have input and output done this then use a two-way signal combiner to 
connectors, are in shielded boxes (with join the two channels onto a single down line. 
weatherproofing available), and are tuned bya | The individual mastheads go right at the 

pair of field adjustable slugs which will suppress | respective antennas, of course, followed by the 
the video carrier (one slug) and the aural carrier | suppression filters and then the combiner. 

(the second slug) by 18 dB each; or, you can Number Two: There is no acceptable 
tune both slugs to a single frequency (all of this | number two in this situation. 


COMBINING SEPARATE BAND I and Il] ANTENNA ARRAYS TO DOWNLINE 
Cu. È 
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NOTES: Stacking distance 'S', see page 32; Stacking distance ‘Boom Length’, pages 34/35 
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ANTENNA COMBINING 


If you are experiencing co-channel 
interference problems at the chosen site, read 
Tech Bulletin 9301 before designing your 
antenna array. What follows assumes you have 
no co-channel problems worth being concerned 
about; you want maximum stacked-array gain in 
a single direction. 


The basics. 

1) Only stack identical antennas; ie., 
same manufacturer, same model/design. Don't 
try stacking different configuration antennas; it 
will not work properly. 

2) You can stack broadbanded antennas 
(such as band I and 3 on one boom) but one 
must ask why would you do this? When you 
are considering stacking, it is assumed you need 
maximized signal gain. Any dual-band (ie., I 
and IIT) antenna is a compromise in gain, 
probably also in antenna pattern, and certainly 
in antenna impedance matching. Would you try 
to stuff two Volkswagen Beatle engines into an 
engine compartment, or one Chevy V8 when 
you wanted maximum vehicle performance? 


Agreed, life seems much easier if when 
facing a customer with weak signals you simply 
put up two of your best all band antennas in 
place of the (admittedly) more complicated 
single-band/single channel antennas. There are 
good reasons for not stacking broad band 
antennas. 


1) Spacing distance. The two antennas 
must be a proper distance apart for effective 
gain improvement (over one antenna). You 
have at least two VHF signals; perhaps 
three. The stacking distance for proper gain 
addition (ic., more gain with two antennas than 
with one antenna) is set by the wavelength of 
each channel. See Table 32-1 here. 

The proper physical distance between 
two antennas for channel 3 is not the proper 
distance for channel 1; nor 7. So while the 
antennas may be two-band the stacking 
distance is single channel. Net effect? You'll 
possibly get enhanced performance on one 
channel; the one where the spacing is proper. 
But on the other channel(s) you could actually 
end up losing signal with incorrect 
antenna-to-antenna physical spacing. 


COMBINING TWO CHANNELS WITHIN SAME BAND / COMMON DOWNLINE 


e 


CH. 1 


SPERA Tol TRAPS 


‘s' TABLE 4 


SPERR FOI TRAPS 


Tà 


Cd's 1,3 To 

Rano TE MAST- 
HEad PIS, TV 
SETCS) 


CH.3 


Traps: Adjust T1 to Ch3 video (-18 dB) and audio (-18 dB). If T1A is required, adjust T1 to 
Ch3 video (-40 dB), TLA o Ch3 audio (-40 dB). T2, T2A adjust to Chl video, audio. 


2) Best versus worst. The best 
dual-band antenna is no match for a single 
channel yagi; not on any band in any 
configuration. It is possible to find 
broad-banded_ LOG type antennas for band I, 
or, band MI, which have gain approaching that 
of a single-channel yagi. But never better-than 
a single-channel yagi. So the best of dual-band 
is worse than the worst of single channel 
(unless of course the firm making the 
single-channel really fouls up the job). 

If you are still unconvinced and will 
settle for second best, at the very least use Table 
32-1 to select the antenna-to-antenna spacing 
distance for the lowest channel in use for the 
system; ie., for a channel 2, 4 and 7 all-channel 
antenna array, the stacking distance should be 
for channel 2. It is better to err in the direction 
of too-wide spacing than to err by placing the 
antennas too close together (and the higher the 
channel number, the shorter the wavelength; 
ergo the closer the antenna to antenna spacing 
becomes). 

Now, if you are planning a masthead 
amplifier with the stacked array, you already 
know the amplifier should be at the output of 
the antenna array; as close as possible to the 
signal combiner which matches and joins (as in 
adding signal voltages) the two antennas 
together. With some areas using vertical 
polarization, and others using horizontal, you 
may suspect there is some magic method of 
configuring two (or four or eight) antennas to 
achieve maximized stacking gain. There is; it 
is not polarization conscious. Common sense 
does apply. 

Horizontal polarization. This is the 
easy one because you stick up an antenna mast 
and place the first antenna at the top. Then you 
measure down the mast to the stacking distance 
called for with Table 32-1 and mount the 
second antenna. With four antennas you can 
keep going down the mast or you can mount 
two antennas on one mast, two on another, and 
then separate the two sets of two by distance 
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SV in Table 32-1. Is there a preference 
between stacking four antennas on the same 
mast, or, stacking two on one mast and two on 
an adjacent mast? 

A marginal electrical performance 
difference (in favour of four on one mast); a big 
difference if you have to build and erect the 
support structure for four antennas! Do the one 
that is common-sense easiest for you. 

Electrical connections. Distance S 
(cleverly the stacking distance between 
antennas; a physical distance) is determined by 
the operating frequency of the antenna or by 
the boom length of the antenna if it measures 
longer than one wavelength from end-to-end. 
Using RG-6/U or RG-11/U foam (please not 
RG-59 in any form!) cut as many phasing lines 
as you have antennas and combiners to join. All 
lines will be the same length; that's within 5 
mm at VHF, 2 mm at UHF. The actual length 
of any line is up to you to determine (as long as 
you make them all identical). By placing the 
two (four) way signal combiner at the physical 
centre of the array, you can then determine 
how much cable is required to reach from the 
feed-point on each antenna to the combiner. 
With a two-stack array, and the combiner in the 
middle, the distance from one antenna to the 
combiner will be the same as the distance from 
the second antenna to the combiner. With a 
four-stack array, the top and bottom antennas 
are further (physically) from the combiner than 
antennas two and three. DO NOT CUT THE 
LINES TO FIT THE DISTANCE. Measure 
the longest line length (top or bottom antenna to 
the combiner) and then make all four the same 
length. The extra cable for the two close 
antennas? Make a nice, neat coil close to the 
combiner and tape the coil to the mast/tower so 
it will not swing and sway in the wind exerting 
pressure on the fittings of the combiner. 

That's right; NEVER - NEVER cut the 
lines for the closer antennas to fit the distance. 
You are trying to add signals from each 
antenna in phase through the combiner. For 
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T 2-1 
Harness (connect) identical antennas together with identical lengths of identical type cable. 
CHAN DISTANCE'S' DISTANCE 'SV' CHAN DISTANCE'S' DISTANCE 'SV' 


1 4.968 metres 6.624 metres 8 1.110 metres 1.476 metres 
2 4.071 metres 5.428 metres 9 1.071 metres 1.428 metres 
3 3.612 metres 4.816 metres 10 1.035 metres 1.380 metres 
4 1.284 metres 1.712 metres 11 — 1.002 metres 1.336 metres 
5 1.233 metres 1.644 metres 27 0.432 metres 0.576 metres 
6 1.188 metres 1.584 metres 45 0.330 metres 0.440 metres 
7 1.146 metres 1.528 metres 62 0.282 metres 0.376 metres 


each antenna to be in phase with the other 
antennas, the individual antenna signal voltages 
must be in phase with each other. They must 
travel the same distance from each antenna to 
the combiner to remain in phase and by making 
the phasing-lines identical in length, you ensure 
this will happen. 

Vertical polarization. Stacking 
antennas polarized vertically is more of a 
mechanical challenge; all other considerations 
remain the same. Since one wavelength (in free 
space) at TV channel 1 is 6.624 metres, the 
minimum distance between two identical 
antennas is .75 x 6.624 or 4.968 metres (see 


| 


Lz. 


STACKING AND COMBINING 2, 4,OR 8 ia ENNAS INTO AN ARRAY 


Notes: Dimensions 'S' and 'SV' change with channels; see 2 iF at top of page. 


Table 32-1); it could be more in the case of a 
truly long-boom yagi. This extreme distance 
creates a challenge for physically mounting of 
two (or more) antennas. 

1) If two antennas are horizontally 
spaced while remaining vertically polarized, 
they must be in the same plane (ie., parallel to 
the ground below). This suggests a support of 
the correct length, in turn fastened to a tower or 
mast which provides height above ground. 
Keeping such an array in the air under varying 
wind and climatic conditions is the challenge. 

2) There is nothing taboo about spacing 
the two vertically polarized antennas vertically 


— 


apart on a vertical mast. But the antennas at .75 
wavelength spacing will now have only .25 
wave free space between the longest element 
tips of the adjacent antennas. This close 
spacing is not the best compromise (but it is an 
acceptable situation because the boom to boom 
spacing remains at .75 wavelength). In Table 
32-1 here, a separate 'SV' distance appears. 
Where possible when stacking vertically 
polarized arrays one above the other use the 
wider spacing of SV to ensure optimum 
stacked array performance. This situation is an 
anomoly of band I only, caused by the 
extravagently long waves in this frequency 
band. The installer should not be challenged by 
band II (or UHF) distance S spacings (only 
1.002 metres at channel 11; .432 metres at 
channel 27). Note the special rule when the 
antennas to be stacked exceed 1 wavelength in 
length (ie., length of boom) at the operating 
frequency; you select either distance S or SV 
from Table 32-1 (for shorter boom antennas), 
or, when the boom length exceeds one 
wavelength you opt for a distance that is equal 
to the length of the boom itself. This will 
usually be the case for any yagi antennas with 
more than 5 elements (VHF or UHF). The 
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logic behind this is that when an antenna boom 
exceeds one wavelength in physical length, at 
the operating frequency, the antenna's 'capture 
area’ is so enlarged that effective stacking-gain 
only comes when the physical separation 
between antennas is equal to or slightly greater 
than the boom length. 

Stacking bars? Some antennas sold 
have aluminum rod or wire parallel phasing 
lines offered; two antennas are spaced apart by 
the length of the phasing bars. The concept here 
is that if you place two 300 ohm antennas 1/2 
wavelength apart, in parallel electrically, the 
impedance of the two-stack-antenna in the 
middle of the phasing bars magically repeats as 
300 ohms; a match for the transmission line. 
There is nothing improper with this concept 
provided the antennas are relatively small; ie., 
up to say 5 elements each. But when the 
antennas become larger (such as 10 elements on 
a boom) the optimum stacking distance 
becomes further between antennas; too far for 
proper use of standard 1/2 wave stacking bars. 
So a pair of larger antennas (ie., more than 4 to 
5 elements per antenna) employing this phasing 
arrangement sacrifices optimum array gain for 


optimum impedance matching when the 


STACKING ANTENNAS FOR MAXIMIZED GAIN / ASSEMBLY NOTES 
Note: If your site will experience co-channel interference, see Tech Bulletin 9301 before 


proceeding. 


1) When stacking, use identical antennas within a stacked array; never different models. 

2) Stacked antennas increase gain because each antenna captures signal. For two or more 
antennas to add-gain when connected together, the signal wavefront must be in phase at each 
antenna. This means the straight-line distance from each antenna to the transmitter must be 


identical. 


3) To determine the physical stacking distance (ie., between identical antennas) see Table 
32-1. Use Distance 'S' when the antenna boom length is equal to or less than 'one wavelength’ 
for the appropriate channel. Use the boom's actual length when the boom length exceeds one 
wavelength on that channel. Use distance 'SV' if possible when antenna element tips are in the 
same plane (ie., such as two or more antennas vertically stacked). 


4) The diagram on page 32 shows stacking for 2 (diagram 31-A), or 4 (diagram 31-B), or 8 
(diagram 31-C) antennas into a single array. Write about 16 or more antennas stacked. 
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stacking distance is predetermined by the 


bars/line. One solution is to appropriately 
lengthen the phasing bars and add some phasing 
bar tuning stubs; at this point it makes far more 
sense to place the antennas the proper 
boomlength distance apart and using a carefully 
selected 300/75 ohm matching transformer on 
each antenna, join the antennas with equal 
lengths of coaxial phasing lines. For band II it 
is worth noting that a pair of 5 element yagis 
NEE aE 
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stacked with phasing bars is unlikely to provide 
better performance than a single ten element 
yagi for the same channel. 

REAL WORLD CONSIDERATIONS 


There are several. Band I long yagis are 
one special problem. A ten element yagi for 
channel 1 (and to a lesser extent channels 2 and 
3) if designed for optimum performance 
approaches 15 metres in length! You won't 
find one of these on your distributor shelves. In 
this real world situation the practical limits to 


band I 
antennas are 
typically 5 
elements; still 
a boom 
length of 4+ 
metres if 
properly 
designed (for 
channel 1). 
When the 
number of 
elements is 
reduced (or 
the boom 
shortened), 
the gain of 
course goes 
down; 7.5 dB 
for five 
elements is a 
real-world 
number when 
compared to 
a dipole 
antenna 
(ie.,7.5 dBd). 
Four metre 
booms 
(slightly less 
at channels 2 
and 3) are 
physically 
manageable 
but still a 
challenge. 
With the 
natural 
shortening of j 
wavelengths ‘| MAST/ 
on band M, fr 
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bandwidth] and yagi [for gain]) will be 3.2 to 
3.7 metres in boom length when designed for 
optimum gain. This suggests stacked arrays at 
band I will pay a 3 dB penalty in realizing 
maximum forward gain because you are 
typically limited to forward gain in the 7 to 7.5 
dB region with the first antenna. After that the 
2.5 dB stacking gain rule applies. 

Fittings. Use only weather-tight F 
connectors and outdoor devices (combiners, 
filters, mastheads) that either hard-wire directly 
with coaxial cables or use F series fittings. 
Belling Lee (PAL) connectors are never 
adviseable in outdoor situations. 

Weatherproofing all connections, 
sealing element to boom screws and nuts is 
especially important in coastal regions where 
salt-spray quickens the pace of antenna 
deterioration. It's not complicated; use a 
caulking gun and good grade of silicone 
caulking sealent specified for use with 
aluminum and plastic parts liberally coating all 
fittings, plus antenna screws, nuts and bolts 
(both ends) with compound. The silicone will 
harden and act as a barrier to moisture and 
air-borne contaminants for as long as the 
antenna stays together. 

IN SUMMARY 

While not every component part 
described in this Tech Bulletin is presently 
New Zealand made, all are available through 
Signal Master. As the realization sinks-in that 
the VHF signals we now have or announced 
may well be the extent of TVs 1, 2 and 3 
coverage for the foreseeable future, consumers 
will cither resign themselves to partial reception 
coverage or aerialists will offer alternatives as 
described here. In Tech Bulletin 9305 we 
describe simple, basic master/community 
antenna techniques; systems you can duplicate 
to allow 2, 20 or 200 families to share a single 
well-placed aerial system installed to bring in 
distant TV 1, 2, 3 transmitters and/or UHF 
signals which otherwise are never likely to be 


available in a smaller community. 
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STACKING BARS- 300 OHM 
OPEN DIPALE Feed Points Face 
EACH OTHER 


WHEN STACKING WIM Coan AL 

CABLE, BOTACAI) DIPOLE FEED Points 

iN SAME DIRECTION; Not AT EACH OTHER 
STACKING BARS, OR , COAXIAL? 


TECH BULLETIN is copyright 1993 
by Robert B. Cooper, P.O. Box 330, 
Mangonui, Far North (FAX 09-406-1083). All 
rights reserved. This issue of Tech Bulletin is 
distributed under agreement by Signal Master 
Limited (Auckland) and neither Signal Master 
nor Robert B. Cooper make any representations 
concerning the utility of the data contained 
herein. 
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TB9304: Identifying and curing television 
interference sources [Release date 15-09-93] 
TB9305: Master/community aerial techniques 
on a budget [Release date 15-11-93]. 
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ASK 


COOP “ 


Robert B. Cooper began a professional career in weak signal TV 
reception in 1956 as U.S. magazine RADIO ELECTRONICS engaged 
him to prepare a regular feature column on this subject. Creator of 15 
books, more than 2,200 magazine articles, ‘Coop’ is now a resident of 
New Zealand's Far North where he continues to research and write. 


\ 


a 


© "So much of your material 
deals with yagi antennas. Do you 
own part of their patent?” 

S.R., Christchurch 


Hardly; if I did, I'd have to be 
much older and originate in 
Japan! (The Yagi, more properly 
the Yagi-Uda after its 
co-inventors in 1934, was never 
patented outside of Japan.) Yagis 
are simply well understood basic 
gain-building blocks and easy to 
design around. For sheer VHF 
(UHF) gain nothing compares to 
the LaPorte Rhombics (28+ dB 
gain) or the massive Half-Bolic 
quasi-parabolic arrays (30+ dB 
gain at VHF; more at UHF). I've 
written extensively about both 
and have in-file superb ‘how-to’ 
build articles for each. You can 
order a copy of either as follows: 

1) LaPorte Rhombics: 15 
pages; order LPO0O1. Price $10 
postage paid. 

2) Half-Bolics: 25 pages; 
order HBOO1. Price $15 postage 
paid. 


e " Ive found by defeating colour 
in some sets the black and white 
picture can be contrast and 
brightness controlled for quite 
reasonable presentation. And 
small black and white sets often 
give the best picture in very low 
signal areas. Why?” 

L.B., Kaitaia 


Kicking-in the colour 
demodulator in some sets 
automatically widens the receiver 
TF’ bandwidth; more bandwidth, 
more noise. If the signal is weak, 
the colour information is so 
close to the noise level that noise 
falsely triggers the colour CRT 
‘guns’ creating ‘confetti’; the 
colour equivilent of black and 
white's ‘snow’. Most receivers 
will automatically kick-in colour 
circuits when the signal to noise 
ratio (SNR) is between 16 and 
20 dB. If you can keep it from 
kicking in until the signal is 
nearer 25 dB SNR, the quality of 
the picture (although in black 
and white) will usually be 
superior to colour confetti. 


© "I saw an installation north of 
Auckland where the installer 
took SKY and TAB off-air with 
a fringe yagi and amplified with 
a Kingray masthead. Then he ran 
50 metres of RG-6/U over the 
side of the hill and connected the 
coax to another identical yagi 
which he flipped to vertical. The 
horizontal receive antenna could 
not 'see’ the vertical transmit 
antenna. Down the hill some 500 
metres away he installed an 
identical vertically polarized 
fringe yagi and Kingray. The 
customer then had near-perfect 
SKY and TAB through this 
relay. Is it legal?” 

A.M., Whangarei 


RFS in Whangarei suggests 
any UHF 'on-channel-booster’ 
requires a license (Radio2 Form 
at RFS); levels to 10 microwatts 
(e.i.r.p.) are permitted after 
submission to Wellington for 
approval. TB9303 details these 
‘gadgets’, by the way; and they 
could offer one (approved) way, 
with a license, to extend SKY , 
TAB and Canterbury UHF 
signals into terrain-shadowed 
regions. Checking with RFS 
Auckland brought a more 
pragmatic answer; ie: 

'SKY owns their frequencies 
for 20 years. (RFS) understands 
SKY does this sort of thing 
themselves when making 
installations in difficult areas. If 
they don't object, we won't 
either’. 

Questions for Coop? Address to 
R.B. Cooper, P.O. Box 330, 
Mangonui, Far North. 
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WHAT IS TECH BULLETIN? 


Tech Bulletin is the five-time-per-year 'newsletter' created for consultancy 
clients of Robert B. Cooper. In recognition that VHF/UHF reception and 
transmission literature / data is often difficult to locate in New Zealand, we 
make this material available in the hope you as a stockist in television receiving 
equipment, or an installer of TV receivers or as an aerialist installer will 
benefit. This is done at the most reasonable cost possible in recognition that 
per-hour consultancy rates to assist those with television reception problems 
_are unfortunately by their customized nature not affordable in most stockist or 
aetialist day to day reception situations. To avoid these higher costs associated 
with researching and answering specific answers to specific problems (on a 
one-question / one-response basis) Tech Bulletin employs an ‘economy of scale’ 
approach. Subject matter is chosen, researched, and presented in the Tech 
Bulletin format on a five-time-per year schedule. 
Tech Bulletin is offered to TV stockists, aerialists and others with 
an interest in the subject on an annual subscription basis; see next 


page. 


TECH BULLETIN SCHEDULE - ISSUES RELEASED AND PLANNED 


TB9301: Co-Channel (interference) elimination; antenna and phasing techniques. //ssue now 
available] 
TB9302: Weak signal techniques, antenna + masthead practices. [You are reading this issue] 
TB9303: UHF techniques, including construction guidance for low-cost UHF parabolic 
antennas to 6M diameter. [Release date 15-07-93] 
TB9304: Identifying and correcting television interference problems. [Release date 15-09-93]. 
TB9305: Master/community aerial techniques on a budget; how New Zealand laws govern, 
how to design and build CATV systems, how to source equipment. Note: This is a two-issue 
series with part-two early in 1994. [Release date 15-11-93]. 

Each issue of TECH BULLETIN focuses on a single topic to provide a thorough schooling 

in the subject matter chosen. Additional assistance available on a consulting basis. 


THIS IS A FREE-SAMPLE ISSUE. TO SUBSCRIBE FOR REGULAR 
SERVICE PLEASE USE FORM ON NEXT PAGE or write Robert B. 
Cooper, P.O. Box 330, Mangonui, Far North (FAX 09-406-1083). 
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( Valid until 15-07-93 ONLY) 


1) TECH BULLETINS are delivered via normal surface mail. 

2) You may order individual issues OR subscribe on a calendar-year basis. 

3) Outside of New Zealand, delivery is via AIRMAIL only; rates vary as to destination. 
Please contact us for quotation. 


PLEASE - 


4) COMPLETE the form below, and, 
5) ENCLOSE the appropriate amount in cheque form made out to ROBERT B. COOPER 


REGARDING CONSULTANCY - 


6) One-off answer to non-complex problems is available ONLY TO subscribers (for example, 
see ‘ASK COOP’ in this issue). Write, enclosing a self-addressed-stamped envelope for reply. 
Responses prepared on a time-as-available basis. 

7) More complex questions involving research time (example: suggesting knife-edge refraction 
path zones in your region; where to look) are billed at an hourly rate of $75. Write posing _ 
question; you will be quoted estimated cost for your approval before work begins. 


C YES - Enter my subscription to ALL 1993 TECH BULLETIN issues. Payment of 
$50 enclosed. SEND ME __ALL __ALL ISSUED 1993 ISSUES (except 9302) by return 
mail. 

C SEND ME only those issues indicated here (future issues mailed as issued)- 

[C] TB9301 at $15.00 (] TB9302 at $15.00 C] TB9303 at $15.00 [| TB9304 at $15.00 

C] TB9305 at $15.00 

] SEND ME reprint of LaPorte Rhombics (construction) article at $10 
C] SEND ME reprint of Half-Bolics (construction) articles at $15 


Total amount enclosed - $ (sorry, no provision for invoicing) 
ENTER my name/mailing address as- 


NAME 
COMPANY (if applicable) 
STREET/P.O.BOX DATA 


TOWN/CITY 


ORDER TO: ROBERT B. COOPER, P.O. Box 330, MANGONUI, FAR NORTH (New Zealand) 


